Modeling analytical hierarchy process and Fuzzy Inference System Tsukamoto for production planning at a palm oil company in Malaysia by Utami, Silvia Firda
  
 
 
 
 
 
 
 
 
 
 
 
MODELING ANALYTICAL HIERARCHY 
PROCESS AND FUZZY INFERENCE SYSTEM 
TSUKAMOTO FOR PRODUCTION PLANNING AT 
A PALM OIL COMPANY IN MALAYSIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     SILVIA FIRDA UTAMI 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
UNIVERSITI TUN HUSSEIN ONN MALAYSIA
This thesis has been examined on date ………………..……………………………… 
and is sufficient in fulfilling the scope and quality for the purpose of awarding the 
Degree of Master. 
Chairperson: 
 
 
DR. NG KIM SOON  
University Tun Hussein Onn University Malaysia 
 
 
 
Examiners: 
 
 
ASSOC. PROF DR. NOR HASNI BINTI OSMAN 
University Utara Malaysia  
 
 
ASSOC. PROF DR. ROSMAINI BIN TASMIN  
University Tun Hussein Onn Malaysia 
 
    
 
MODELING ANALYTICAL HIERARCHY PROCESS AND FUZZY 
INFERENCE SYSTEM TSUKAMOTO FOR PRODUCTION PLANNING AT A 
PALM OIL COMPANY IN MALAYSIA 
 
 
 
 
 
 
 
SILVIA FIRDA UTAMI 
 
 
 
 
 
 
 
 
 
A thesis submitted in  
fulfillment of the requirement for the award of the  
Master of Science in Technology Management by Research 
Faculty of Technology Management and Business 
Universiti Tun Hussein Onn Malaysia 
AUGUST 2016 
iii 
 
DEDICATION 
 
 
 
 
For my beloved Parents, Dra. Siti Nur and Drs. M. Syalahuddin, my lovely  
brother Helmi Fahrur Rauzi, my grandmother Wajahsarah, my aunty Ir. Masniati, 
and also my future husband Syahid Takwim Lc. Thanks for your love, prayer and 
continous support. 
 
 
All my loyal colleagues in UTHM and Malaysia, 
 
Azliana Bt Hussin 
Nor Aida Bt Husaini 
Aina Nasehah Bt Zamri 
Umol Syamsul bin Rakiman 
Nurul Nabila Bt Sulaiman 
Fazira Bt Safei  
Kunthi Herma Dwidayati 
Hamimatulakmam Bt Hamdan  
Zairra Bt Mat Jusoh  
Nurizzaty Ani Bt Buang  
Fetra Venny Riza 
Josef Hadi Wijaya 
Afifah Bt Safin 
En. Muhammad Saiful bin Mansor 
 
 
 
Thank for All Posgraduate Student, especally Ofis Ceria, All Indonesian Student In 
UTHM. My Supervisor in UNPAS, Dr. Drs. Iman Firmansyah, M.Sc.  
 
  
And special for my Supervisor and Co Supervisor,  
Prof. Dr. Hj. Abdul Talib Bin Bon 
& 
Dr. Drs. F. Sukono. MM., M.Si 
iv 
 
 
ACKNOWLEDGEMENT 
All Praise is to ALLAH SWT, the most exalted and the highest who gave me strength 
to complete this thesis. This piece of work would not become possible without His 
blessings. I would like to express my sincere appreciation to my supervisor, Prof. Dr. 
Hj. Abdul Talib Bin Bon for his kind assistance, advice and suggestion throughout this 
thesis. I also sincerely thank to Dr. Drs. F. Sukono MM., MSi for his professional 
comment and support.  
Greatest thanks to the Sindora Palm Oil Mill who participated in giving the 
data of the project to help this research accomplished. Their kind and generous help 
will always be in my mind.  
A great deal of appreciation also goes to the contributions of my faculty- 
Faculty Technology Management and Business (FPTP). Many thanks go to my 
presentation panel for their excellent co-operation, inspiration and supports during this 
Master Thesis.  
Deepest thank to my family especially my beloved parent, Drs. M. Syalahuddin 
and Dra. Siti nur for their love, prayers and morale support throughout my study. 
Special thanks also to my future husband Syahid Takwim, Lc, for his continuous 
support and love, and to all my friends who ware always with me along the completion 
of this study. The postgraduate students thank you for all their support and guidance 
given throughout the duration of this research and hopefully all the experience and 
sweet memories together can everlasting forever. 
Finally, I would also like to acknowledge each and every person who has 
contributed their effort in this study by whatever means directly or indirectly. Without 
the contribution of all those mentioned above, this work would not have been possible, 
thank you all of you.  
v 
 
ABSTRACT 
Decision making has become a routine activities carried out by the production manager 
at Sindora Palm Oil Mill. The decision making process does not always run smoothly, 
sometimes arisen obstacles because uncertainty and vagueness. The obstacles come 
from various factors of production such as capital, labour and raw materials and 
machine, and as well as other factors such as, suppliers, inventory and market demand. 
These obstacles will directly cause major problems if not dealt quickly and accurately. 
One of the problems that will arise is the declination of production quantity. In order 
to help the company to make a good decision, it requires some decision-making 
method to assist them. The objective of this study are to determining the optimal 
amount of crude palm oil production and to determine the order of priority factors that 
affects the production quantity. This thesis proposes methodologies for optimize the 
production quantity by using Fuzzy Inference System Tsukamoto and for determine 
the order priority factor by using Analytical Hierarchy Process. Monotonic Reasoning 
approach used in Fuzzy Inference System Tsukamoto to optimize the production 
quantity with the input data obtained from documents such as inventory, demand and 
production data. Meanwhile, mathematics approach used in the Analytical Hierarchy 
Process and the input data obtained from interviews and questionnaires. From this 
thesis, the results are determined and the analyses are made. The results have shown 
the total production and inventory of crude palm oil in 2014 turned into optimal and 
stable. Moreover, the profit in that year become higher than before. Furthermore, the 
main factors affecting the decline of production quantity in Sindora is an internal 
factor. The order of priority of the internal factor i.e. capital, labour, raw materials and 
technology (machine). Therefore, FIS Tsukamoto and AHP can be used in crude palm 
oil production planning because given more benefits to the company.  
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ABSTRAK 
Membuat keputusan telah menjadi aktiviti yang rutin dijalankan oleh Pengurus 
Pengeluaran Kilang Minyak Sawit Sindora. Namun, ianya bukanlah satu proses yang 
mudah kerana terdapat beberapa halangan yang timbul akibat daripada 
ketidaktentuan dan ketidakjelasan. Halangan-halangan tersebut datang dari pelbagai 
faktor pengeluaran seperti modal, buruh, bahan mentah, mesin serta faktor-faktor lain 
seperti pembekal, inventori dan permintaan pasaran. Halangan-halangan tersebut 
secara langsungnya boleh menwujudkan masalah besar jika tidak ditangani dengan 
cepat dan tepat dan salah satu daripadanya adalah penurunan kuantiti pengeluaran. 
Untuk membantu syarikat dalam membuat keputusan yang terbaik, diperlukan 
kaedah pengambilan keputusan untuk membantu mereka. Tujuan daripada kajian ini 
adalah untuk menentukan jumlah optimum pengeluaran minyak sawit mentah dan 
menentukan susunan keutamaan faktor-faktor yang mempengaruhi penurunan 
kuantiti pengeluaran. Tesis ini memperkenalkan metodologi untuk megoptimalkan 
kuantiti produksi dengan menggunakan kaedah Fuzzy Inference System Tsukamoto 
dan untuk menentukan susunan keutamaan faktor dengan menggunakan kaedah 
Analytical Hierarchy Process. Monotonic Reasoning digunakan dalam FIS 
Tsukamoto dengan input data diperolehi daripada dokumen seperti data inventori, 
permintaan, dan pengeluran. Sementara itu, pendekatan matematik digunakan dalam 
Analytical Hierarchy Process dan input data diperolehi daripada temubual dan soal 
selidik. Dari tesis ini, hasil telah ditemukan dan analisah telah dibuat. Hasil kajian 
menunujukkan total pengeluaran dan inventori dari minyak sawit mentah tahun 2014 
menjadi optimum dan stabil. Selain itu, keuntungan yang diperolehi pada tahun itu 
pula menjadi lebih tinggi dibandingkan dengan sebelumnya. Selanjutnya, faktor 
utama yang mempengaruhi penurunan jumlah pengeluaran perusahaan Sindora 
adalah faktor dalaman yang mana mengikut keutamaan adalah modal, buruh, bahan 
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mentah dan teknologi (mesin). Oleh yang demikian, kajian ini dapat digunakan 
dalam kilang minyak sawit mentah kerana memberi manfaat lebih kepada syarikat. 
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CHAPTER 1 
INTRODUCTION 
1.1 Introduction 
Every organization, large or small, has often experience changes in conditions that 
are influenced by both internal and external production factors. In facing 
development and changes that occurred, quick and precise decisions are required to 
be made. The consistency of good decision making can lead to a competent and 
successful company (Harvard Business School, 2006; Handbook of Decision 
Analysis, 2013).   
 According to Sharf (1992), the essence of decision making is the process of 
determining the options. When making decisions, there are processes that occur in 
the human brain, which will determine the quality of the decision. When the 
decisions made are simple, for example, choosing the colour of clothing, humans can 
easily make a decision. However, if the decision taken is complex with a large risk, 
such as production planning, the decision maker often requires tools for analysis 
which is scientific, logical, structured or consistent.  
One of the companies that has a production activity and decision-making 
activities carried out every day is Sindora Palm Oil Mill. Sindora Palm Oil Mill is 
wholly owned by Sindora Berhad, a member of the Johor Corporation Group of 
company with diversified interest in plantation, furniture, and timber products.  The 
mill is managed by EPA Management Sdn. Bhd., which is also a subsidiary of Johor 
Corporation (Jcorp). It is a shareholder of Kulim (Malaysia) Berhad. Sindora Palm 
Oil Mill is located at the Mukim Rengam of Kluang District, Johor. It is built on 10 
hectares of land at Sindora Estate, which is owned by the same company. The 
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capacity of the mill is currently at 40 metric tonnes of FFB (Fresh Fruit Bunches) per 
hour. The FFB are now supplied by its own group estate i.e. Sindora Estate, 
Renggam Estate, REM & Pasak Division. Some FFB are being purchased from the 
surrounding estates. The throughput of the mill is currently at around 180,000 metric 
tonnes FFB per year (Sindora Palm Oil Mill, 2014). Since its commissioning in 
October 1998, the mill has been producing high quality Crude Palm Oil Mill (CPO) 
and Palm Kernel (PK) conforming to commercial and contractual specification 
(Sindora Palm Oil Mill, 2014). 
 The decisions are usually made by the top management, middle managers, 
supervisors and individual employees (Harvard Business School, 2006; Nutt & 
Wilson, 2010). The ability of leaders to make decisions can be improved if they 
know and master the theory or technique of decision making. Increase in the ability 
of leaders in the decision making is expected to improve the quality of decisions 
made, thus increasing the efficiency and effectiveness of the organization's work 
(Kasim, 1995; Wilson, 2001; Harvard Business School, 2006). 
Fuzzy Inference System Tsukamoto method is one of the methods for 
decision making. In various uncertainties and vagueness situations, this method is 
very flexible and has a tolerance for any existing data (Thamrin, 2012). Meanwhile, 
Analytical Hierarchy Process (AHP) is one of the models of decision making in 
complex and unstructured situations (Chelst & Canbolat, 2012). The method is 
commonly used to set priorities of alternatives or options, which are known as 
complexes /multicriteria (Saaty, 1991). 
 This chapter will explain the introduction of this study. There are background 
of the problem and the problem statement that discusses issues in decision making 
using Fuzzy Inference System Tsukamoto and Analytical Hierarchy Process. 
Research questions, objectives, scope of the study, significance and thesis structure 
are also explained. 
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1.2 Research Background 
 Nowadays, manufacturing companies act in the environment and 
unpredictability of a competitive market. Products and production technology is 
changing rapidly, causing a period of time between new product innovation to 
become shorter. The increasing market demands are in line with the growth of new 
variations of product with higher complexity (Nachtwey et al., 2009 & APICS, 
2001). 
 To stay competitive, companies have to quickly adapt to market changes. 
Using the latest technology and production facilities are obligatory. This new 
situation requires a higher production planning frequency and planning methods 
adapted for design of production system (Nachtwey et al., 2009). 
 Determination of the optimal number of production became one of the keys 
to realizing a successful production planning. This relates to the level of success of 
the company to meet consumer demand (Wilson, 2001). Every company hopes to 
avoid shortages and excess of their output. If the output is less, then it can result in 
the loss of opportunity to sell the products in accordance with customer demands and 
reduced customers’ trust. Meanwhile, if the result of a production is excessive, it will 
result in increased inventory costs. 
 Every company generally established with the aim to gain profit and maintain 
its viability. In an effort to maintain its existence, the company strives to meet the 
maximum demand of the consumers. One of the efforts to realize the company’s 
goals is the need to arrange production with good planning. Production planning is a 
very important area in the company's strategic decision-making level, particularly in 
manufacturing. Production planning is a plan that aims to provide tactical decisions 
based on the resources of the company to meet consumer demand (Nasution, 1999). 
The role of a production manager is very important, as their decision is very 
influential for the survival of the company.  
A production manager is often confronted with problems in decision making 
related to production. This include some problems based on internal production 
factors, such as availability of resources, namely machines, raw materials, labours 
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and capitals, which need to be optimized and external factors such as market 
demand, supplier relationships and inventory in the warehouse (Pebriana, 2009). In 
addition, the production managers are usually faced with some uncertainties. 
Uncertainty can be categorized into two types, both environmental uncertainty 
(external) and uncertainty of the system (internal) (Grote, 2009). Environmental 
uncertainty refers to the uncertainty that would be beyond the scope of control of the 
production process, such as demand uncertainty and supply uncertainty. While the 
system uncertainty refers to the uncertainty associated with the production process, 
such as output uncertainty, uncertainty of production time, quality and production 
failure (Mula et al.: 2006, Ho: 1989). 
 Crude palm oil industry is the manufacturing industry that requires precise 
and accurate decisions in production planning. Previously we have seen that the 
growth of crude palm oil industry is increasing rapidly in Malaysia. This is in line 
with the increasing market demand. Ever increasing demands made CPO firms work 
hard to fulfil that demand, while the constraints always surfaces to this industry. 
Nowadays, the world palm oil market conditions for global usage had reached 50 
million tonnes, which has been increasing since 1990 until recently. This success can 
be achieved because palm oil is more profitable than other vegetable oils (WWF 
Report, 2012). Palm oil prices were lower compared to other vegetable oils, therefore 
palm oil provides a competitive advantage in user countries like India and China 
(USDA, 2012). Among the 17 oils and fats in the global market, palm oil is the most 
consumed oil in 2012, reaching three billion people in 150 countries with a total 
consumption of 52.1 million tonnes (Figure 1.1). Consuming countries of the world's 
tallest palm oil are China, India, Indonesia, and the European Union (Sime Darbly 
2013). 
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Figure 1.1: Global Consumption of Oil and Fats 2012, Total = 183.9 Million Tonnes. 
(Sime Darbly, 2013) 
 
Furthermore, in an excerpt from the analysis taken from REA Holding (2016) 
on their website states that “the World consumption of oils and fats has grown 
steadily during the last twenty six years. The Oil World statistics indicate that 
consumption in the last six years has increased from a level of some 162 million 
tonnes in 2008 to 195.6 million tonnes in 2014”. Therefore, Malaysia must increase 
the production in order to fulfil the market demand. 
 Moreover, according to Mielke (2011), oil palm along with other vegetable 
oils will continue to face the increased global demand from the food industry, oleo 
chemicals and biofuel industries. Mielke (2011) predicts that in 2015 the demand for 
palm oil is around 62.63 million tonnes.  
Based on the MPOB report (2013) the production and export of Malaysian 
crude palm oil in 2013 has increased. However, in 2012, the production decreased 
2.3 percent. Meanwhile, the number of stocks from 2010 until 2013 remains high. In 
2013 the price decreased to quite a low level, but the total stock remained high 
(Table 1.2). This can lead to a build-up of inventory in the warehouses and will result 
in a decrease in the amount of production. To avoid a decrease in the production of 
crude palm oil, crude palm oil companies should do proper planning so that 
production can be productive and able to meet market demand. 
 
 
6 
 
 
 
Table 1.1: Total Production of Crude Palm Oil Malaysia.  
(MPOB, 2012 & 2013). 
Year Production (Tonnes) Land Area (Ha)
1975 1,257,573 641.791
1980 2,573,173 1,023,306.000
1985 4,134,463 1,482,399
1990 6,094,622 2,029,464
1995 7,810,546 2,540,087
2000 10,842,095 3,376,664
2005 14,961,654 4,051,374
2010 16,993,717 4,853,766
2011 18,911,139 5,000,109
2012 18,785,139 5,037,959
2013 19,216,459 5,230,000  
 
Table 1.2: Total Stocks, Prices, & Export of Crude Palm Oil Malaysia.  
(MPOB, 2012 & 2013). 
Year Stocks (Tonnes) Prices (RM) Eksport (Tonnes)
2010 710.541 2.701 23,060,017
2011 1,066,291 3.219 24,271,672
2012 1,575,103 2.764 24,591,025
2013 1,118,531 2.371 25,702,707  
 To assist decision makers in making decisions in the company, it is necessary 
to have an effective and efficient model that can help resolve those problems. Fuzzy 
Inference System Tsukamoto (FIS Tsukamoto) and Analytical Hierarchy Process 
(AHP) are some of the methods that can be used. Fuzzy Inference System 
Tsukamoto method was first developed by Tsukamoto in 1979. It is a decision-
making method based on fuzzy logic. Fuzzy logic is believed to be capable of 
handling the vagueness and uncertainty of production. FIS Tsukamoto is one of the 
methods that is very flexible and has a tolerance to existing data. FIS Tsukamoto has 
an advantage, in which it is more intuitive, accepted by many, and deemed more 
suitable for the input received from a human and not a machine (Thamrin, 2012).  
Meanwhile, AHP method is the first method developed by Thomas L. Saaty 
in 1970s (Grüning & Khün, 2009; Chelst & Canbolat, 2012). This method is a multi-
criteria decision making model that can help the human frame which factors logic, 
experience, knowledge, emotions and sense optimised in a systematic process (Saaty, 
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1990). AHP method is used to solve complex problems in which aspects or criteria 
are taken into consideration. This complexity is caused by various things, including 
the unclear structure of the problem, uncertainty perception of decision making, as 
well as the uncertainty of the availability of accurate statistical data. Sometimes 
problems arise that are perceived and observed have to be solved as soon as possible, 
however, the data is complicated variations then the data cannot be recorded 
numerically (quantitatively) but qualitatively which is based on perception, 
experience and intuition (Nurbismo, 2010). 
 Sindora Palm Oil Mill is the Palm Oil Company examined by the 
researchers. This company is a subsidiary of Kulim Sdn. Bhd. One of the products 
manufactured here is crude palm oil. Therefore, this thesis will discuss the planning 
of the production of crude palm oil of Sindora Palm Oil Mill by using the FIS 
Tsukamoto method for analysing the production planning companies, whether it is 
optimal or not and to plan the production of crude palm oil so that it is optimal. If the 
results of the company calculation are not optimal, analysis on contributing factors is 
required .This research will also analyses the factors that influence the amount of 
CPO production. Therefore, the Analytic Hierarchy Process will be used to 
determine the priority order of the factors of production and to prevent a decrease in 
the amount of production.  
1.3 Problem Statements 
Taking the conventional decision will be difficult by decision makers (Harvard 
Business School, 2006), especially a production manager. Complex and numerous 
problems in production planning can cause confusion for decision makers to choose 
which the more important issue is and which should be resolved first (Cuixiao Fu & 
Xingsan Qian, 2008).  
Harvard Business School (2006) states that: 
“Business decisions are difficult when they involve uncertainty presents 
many alternative, are complex and raise interpersonal issues”. 
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Therefore, the complexity of problems has made decision-making more difficult. In 
manufactures, an uncertainty that arise from production factors in the companies can 
cause this. For example, the uncertainty of data production, inventory, demand, and 
other factors. The crude palm oil industry in particular, it is known in advance that 
the raw material derived from fresh fruit bunches. This raw material is perishable, 
has short time for it to be produced (24 hour from harvest). Because of that, it is a bit 
difficult in terms of storage and production. Therefore, it is conceivable complicated 
and complex production planning in the crude palm oil industry, especially combined 
with increasing demand for the product. This certainly makes the department of 
production planning and controlling of the crude palm oil companies to be occupied 
with dealing these issues. Therefore, that uncertainty should be articulated, 
communicated, analysed, and anticipated (Chelst & Canbolat, 2012). 
The decision makers often make bad decisions because the information they 
need is insufficient and because of their future uncertainties (Harvard Business 
School, 2006). In order to achieve effective decision making, the decision maker has 
to be rational with high quality information about uncertainty, preference and 
alternatives (Handbook decision analysis, 2013). A reason to avoid uncertainty is 
they may endanger business success (Grote, 2009). Inside the Production Planning of 
Sindora Palm Oil Mill, there are many vagueness and confusion. The vagueness lies 
in the uncertain demand and constant changes, uncertain amount of raw materials, 
amount of problematic machine operators, who often leave and do not come to work, 
and so on, whereas confusion lies in issue such as crude palm oil product variations 
(there is high quality and there is a low quality) resulting in a complex production 
planning (Interview Report, 2015). Therefore, to help and facilitate decision-maker 
to make effective decisions in the production planning in the crude palm oil 
company, this study presented the Fuzzy Inference System Tsukamoto and 
Analytical Hierarchy Process method.   
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1.4 Research Questions 
Based on the problems found in 1.3, there are two questions in this study: 
(i) How many the optimal amount of crude palm oil production in the company 
for 2014, if using Fuzzy Inference System Tsukamoto method and does the 
method can applicable in the crude palm oil company? 
(ii) What is the order of priority factors that affect the production planning of 
crude palm oil in the company, if using Analytical Hierarchy Process method 
and does the method can applicable in the crude palm oil company? 
1.5 Research Objectives 
Based on the above research questions, the objectives of this study are as follows: 
(i) To determine the optimal amount of crude palm oil production in the 
company for 2014, using Fuzzy Inference System Tsukamoto Method and to 
apply the method in production planning crude palm oil, in order to help and 
facilitate the decision maker to make a decision. 
(ii) To determine the order of priority factors that affects the production planning 
in the company, using the Analytical Hierarchy Process Method and to apply 
the method in production planning crude palm oil, in order to help and 
facilitate the decision maker to make a decision. 
1.6 Scope and Limitation of Study 
In order for the discussion to not be too extensive, necessary restrictions of the 
problem are needed as follows: 
(i) The research will be conducted on Malaysian crude palm oil companies 
which is Sindora Palm Oil Mill. 
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(ii) This Study applies to Sindora Palm Oil Mill only, because researchers want 
to test the method of AHP and FIS Tsukamoto can be useful or not in the 
CPO company.  
(iii) Interview and questionnaire addressed to the manager of the production 
company and a team who know clearly about the production planning 
company. 
(iv) Because the data used in the form of quantitative data, therefore the use of 
questionnaires Likert scale (Saaty scale: Table 2.3) of one to nine (1-9) are 
considered to be acceptable. 
(v) The data used to make decisions is only the data as follows: The maximum 
inventory in 2014, the minimum inventory of 2014, the maximum demand of 
2014, the minimum demand of 2014, the maximum production in 2014, 
minimum production of 2014. 
(vi) The input data used for FIS Tsukamoto only 2014, because the data 
production, inventory and demand in 2014 was complete from January-
December. 
(vii) Just The Analytical Hierarchy Process and Tsukamoto FIS are used in this 
study, other methods for determining the amount of production and decision-
making are not discussed in this thesis. 
1.7 Research Significance 
This research can be important because it will help provide a clear understanding of 
the decision-making using FIS Tsukamoto and AHP. This study produces an optimal 
amount of production. This amount will be able to show the difference of production 
company plan that has been done previously with the production plan by researchers. 
Such differences may help provide an overview for decision makers in managing the 
production planning of the company in going forward. And then, from those results 
decision maker can see the trend of the production and make analysis to know the 
cause of the production decline. In order to facilitate decision makers to discover 
factors that affect the production decline, this research use the AHP method. The 
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results achieved by this method are in the order of priority factors that affect the 
amount of production. So, it will be easier for the decision maker (production 
manager) in determining the strategic steps to resolve the production problem.  
1.8 Thesis Structure 
In summary, systematic writing of this research is intended to be structured so as to 
provide an overview for the readers. The content of each chapter is involved in this 
study is as follows:  
Chapter 1: This chapter contains the background, problem statements, research 
question, objectives, scope and limitation of study, significance of 
study and thesis structure. 
Chapter 2:  Theories and model of Analytic Hierarchy Process, Fuzzy Inference 
System Tsukamoto and about production factors. The literature review 
will provide an overview and justification to solve and answer 
important questions that arise for research. 
Chapter 3: The details of the methodology that describes the research model 
problem solving, data collection techniques, data sources, sampling, 
instruments, and steps of data processing and analysis. 
Chapter 4: This chapter analyses the data processing using AHP and FIS 
Tsukamoto. 
Chapter 5:  The discussion of the objective fulfilled is mentioned and the 
conclusion is made. The future research according to the study is also 
pointed out. 
 
 
 
 
 
 
CHAPTER 2 
THEORY, MODEL AND PRODUCTION FACTORS 
2.1 Introduction 
Literature study is an important portion that supports the achievement of the 
objective of a study. Previous research is necessary to learn as a reference for future 
development, as well as knowing the various types of problems and the models used 
and to know the weaknesses and strengths of previous research. The previous chapter 
has described extensively about this study, especially on the research background, 
problem statement, research questions, objective, scope of the research, research and 
thesis structure.  
 This chapter discusses the literature on theories that supports production 
planning in a company, a model of the method that is used in research so as to 
provide an overall picture and essential justification in order to solve and addressing 
issues arising out of the investigation being undertaken. 
2.2 Crude Palm Oil 
Crude palm oil is produced from oil palm fruit (Elaeis guinensis Jacq). Palm fruit is 
known as a monoecious plant (having male and female flowers on the same plant). 
Each of the palm trees can make a production between 8-15 year and the average 
weight of each 1000-3000 bunch is different between 20 kg to 30 kg. It depends on 
the variety and the age of the tree. In one hectare of land, it can produce 10-35 tonnes 
of fresh fruit bunch per year (Singh et al., 2010). Crude palm oil obtained from 
monoscarp contains the fruit wall (Figure 2.1). Some benefits of crude palm oil (1) It 
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can be useful in the food industry such as cooking oil, margarine; (2) Its can be 
useful in oleochemicals such as soap, glycerine, fatty alcohols; (3) as a source of 
vitamin E and essential oils such as oleic acid (Brown &Jacobson, 2005). 
 
 
Figure 2.1: Fruit Palm 
 The material process of crude palm oil is Fresh Fruit Bunches (FFB). Two 
types of oils are produced from oil palm, one is the palm oil from the fibrous 
monoscarp and another is lauric oil produced from the palm kernel (Kulim Annual 
Report, 2013).  
2.3 Decision Making 
Decision making is the process of selecting a course of action as a way to solve a 
particular problem (Stoner & Winkel, 2003; Hardman, 2009). In many business 
activities, decision making is more effective, more quality and more consistent when 
it is organized as a process and not just an event (Harvard Business School, 2006; 
Chelst & Canbolat, 2012). Decision making in the operational management is an 
important element because all managers have to make decisions. It is occurring 
because as a company continues to grow and become more complex, then the 
decision making in the operation becomes integral. It is necessary for company 
dynamic to require a deep understanding of decision making. Should the decision of 
the manager is failing, it can result in disastrous outcome with long term effects 
(Nutt, 1999; Nutt & Wilson, 2010).  
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The operation managers as decision makers are always faced with many 
uncertainties in making decision. Chelst & Canbolat (2012) noted that “we live in an 
uncertainty, dynamic world, especially with regard to technology”. The decision 
makers have to be capable of handling the uncertainty and ambiguity of information 
(Grote, 2009). In a company there are two types of decision makers who can handle 
the uncertainties. The first is high level executive and second, personal decision in 
the course of day- by-day work process. Bad decision by an executive can never be 
eliminated because leaders live in an uncertain world, but replacing some bad 
decision with good ones can make a huge difference in the fortunes of a business and 
its owners (Harvard Business School, 2006). The focus on the consequences of 
uncertainties may help the companies to identify the uncertainty that has to be 
managed most urgently (Grote, 2009).  
A good decision has led to a better outcome. Chelst & Canbolat (2012) 
provide Analytical Hierarchy Process (AHP) method to address the multi criterion 
decision to support decision making. Fuzzy Inference System (FIS) can also be used 
as a method for making a decision. Some researchers have proven the effectiveness 
of AHP and Fuzzy Inference System in decision making. Doraid Dalalah, Faris Al-
Oqla & Mohammad Hayajneh (2010), they research about the selection of cranes. 
The AHP method in this research was used to assist in building the model and help 
draw decisions. The Expert ChoiceTM Software is used to conduct the experimental 
assessment.  The result found that AHP helps uncover any gaps in the experts 
thinking in regard to qualitative factors in crane selection which may not have been 
considered previously. Therefore, AHP eases the decision makers in choosing the 
alternative and making future conclusions. Firmansyah & Utami (2013) found that 
application FIS Tsukamoto can be used to determine the optimal production in 
medicine factory. The result is FIS Tsukamoto helped the Production, Planning, 
Inventory and Control (PPIC) managers to make a decision for determining the 
amounts of medicine that have to be produced in the next month.  
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2.4 Concept of Operations and Production Management 
In carrying out the production of a company, we need a management that is useful 
for implementing decisions in setting up and coordinating the efforts of resource 
utilization of production activity, known as production management or operations 
management (Kamauff, 2010). According to Jay Heizer & Barry Render (2005) 
"Operations management is the set of activities that produce value in the form of 
goods and services by transforming inputs into outputs". Operations management is 
generally defined as the direction and control of the various activities that process the 
various types of resources to make certain goods or services (Kamauff, 2010; Pontas, 
2005). 
 Operations Management is not possible apart from production problems. 
Production involves all activities that include the use of various amounts and types of 
resources to produce goods and/or services (Kamauff, 2010; Pontas, 2005). 
However, in producing goods, we need a function that will process the production of 
the raw material to become a product, production planning and production control. 
The production function is the production activity that is a part of the company's 
organizational function responsible for processing the raw material to be finished 
goods that can be sold (Kamauff, 2010; Garg, 2012). There are three main functions 
of the activities of production (Garg, 2012; Nasution, 2008) which are: 
 
a) Production process, referring to methods and techniques used in processing 
raw materials into products.  
b) Production Planning, which is an anticipation of future action in accordance 
with the planned time period. 
c) Production Control is the ensure action that all activities are carried out 
within the planning has been done in accordance with the set targets. 
 Production Control is a function to move goods through the entire 
manufacturing cycle from procurement of raw materials to the delivery of finished 
goods, while the inventory control are activities and preservation techniques stock of 
16 
 
 
 
goods at a certain level, such as the form of raw materials, work in process and 
finished goods (Smith, 1989). 
 Production planning and control is done with the intent to meet the demand at 
the minimum cost level. Production activity is determined by the availability of raw 
materials and the number of demands (Garg, 2012). Raw materials as inputs will be 
processed to produce the product. Supply of raw materials in agro-industries has 
seasonal characteristics, easily damaged, diverse, and bulky. Production planning and 
control will act with due regard to these characteristics. 
 The design production planning and control systems for agro-industry should 
pay attention to the characteristics of the typical raw materials. Seasonal factors 
necessitate the importance of scheduling planting to harvest plant species fast. Type 
of crops such as oil palm has longevity and high productivity, variations in the 
amount of fruit ready to harvest requires the importance of forecasting yields of any 
garden. Diverse crops would need to be examined in order to process the raw 
materials that actually meet predetermined quality specifications. Total harvest in 
large volumes and perishable nature of the raw material transportation system 
requires that attention to the risk of loss of quality. These characteristics are 
important to consider in designing a production planning and control systems in the 
agro-industry.  
Attention to production planning and control have been carried out. Tsobune 
et al. (1986) developed a model specifically for the production of agro-products with 
components of the production system consists of inventories of raw materials, semi-
finished good process, the end products, semi-finished goods inventory, and supply 
of the final product. This model is great for being able to represent the general 
characteristics of the agro-industry with a focus on the perishable nature of the 
commodity. 
 In addition, Vasant (2003, 2006) develops a fuzzy linear programming 
applied to production planning. The production planning model was applied for 
planning, production quantity combination of several types of products. The results 
of these studies were still unstable to involve other important factors that should be 
considered in a production planning and control systems, such as inventory policies, 
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availability of labour and others. Martin (1986) developed a decision model for a 
perishable product inventory lifetime condition of stochastic demand and fixed with 
a single product. The resulting models can be used to be one of the models that are 
needed in the system design production planning and inventory control crude palm 
oil agro-industry. Inventory policy models of other perishable products that have 
been developed include Chiu (1995) and Ghos and Chaudhuri (2005). The resulting 
models can be used to be one of the models that are needed in the system design 
production planning and inventory control crude palm oil for agro-industry. 
2.5 Production 
Production is a process of transforming inputs into outputs so that the value of the 
item increases (Garg, 2012). Inputs can be described as the goods or services used 
in the production process, and the outputs or services which are derived from the 
production process. (Kamaruff, 2010; Adiningsih, 1999 & Assauri, 1999). 
Meanwhile, Baroto (2002) defines production as a process of converting raw 
materials into finished goods. 
 Production includes all activities which not only includes the manufacture of 
goods that can be viewed by using the factors of production. Activities that occur in 
the production process include changes in the shape, place and time. According to 
Ngige Chigbo D., (2014), the classical economists from Karl Marx (1818-1883), he 
identified land, labour, and capital as a factor of production (Drucker, 1974). 
Furthermore, J. B. Say (1767-1832) noted that entrepreneurship as one of the factors 
of production. Along with the development of the times, the technology is considered 
to be a production factor. Barro (1996) argues that the factors of production include 
government policies, human capital, and the diffusion of technology. Meanwhile, 
according to Griffiin (2006), production factors can be classified into labour, capital, 
physical resources, entrepreneur, and information resources.  
Physical resources are all the wealth that exists in the universe that can be 
used in the production process. It is including land, water and other raw materials 
(Raizzou, 2013). Meanwhile, labour is a factor of production, which directly or 
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indirectly runs production. In the factors of production labour, contained elements, 
and the ability of the mind are owned by the workforce. Therefore, the workforce can 
be grouped based on ability and skill as well as on the nature of the work. Labour 
represents the human capital or human resources that are capable of transforming 
raw resources into consumer goods. Human capital includes all the productive 
abilities of people. Labour, is also limited. The skills, knowledge and talents of 
people can be improved or made more productive through education and training to 
complete technical functions or business tasks when working with other economic 
resources (Osmond Vitez & Demand Media, 2015). 
Capital is the supporting factor in accelerating or adding capabilities in 
production. Tools, equipment’s, machines and buildings are capital. Its producer that 
use to produce a product. For example, the machine that is used to smooth the 
process extraction CPO is a capital resource. It is a resource used in the production of 
CPO. The decision maker uses the machine to produce CPO efficiently. The 
producer invested in the machine because this was more productive than hiring many 
workers. Generally, the use of capital makes labour more productive (Osmond Vitez 
& Demand Media, 2015; Raizzou, 2013). 
Factors expertise are skills that someone used in coordinating and managing 
the factors of production to produce goods and services. The entrepreneurship 
focuses on the decision about the use of resources, the most common example being 
those made by individuals or groups who start a business (Osmond Vitez & Demand 
Media, 2015; Raizzou, 2013). Entrepreneurship is most commonly thought of as 
creative decision making, risk taking or starting a business venture. Understanding 
the factor of entrepreneurship is an important part of understanding the dynamics of 
the market economy. This includes entrepreneurs who see new opportunities to 
satisfy demand. These entrepreneurs are able to find new, better or less-costly ways 
to use resources. They also find new ways to meet consumer demands in order to 
earn a profit, which create a competitive market (Raizzou, 2013). 
Factors of information resources are the entire data required for the company 
to run its business. This data can forecast market conditions, knowledge of which is 
owned by employees, and other economic data (Raizzou, 2013). Factors of 
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production are the key sustainability of industrial life, so when one of the factors 
is problematic, the production will be interrupted. Crude palm oil companies 
especially have a long lead time products and have a long production process. 
The factors of production become something very important that need to be 
considered and controlled. Therefore, to meet the objective in chapter 1, this study 
has identified factors that affect the production decreased to ease the understanding 
of researchers and decision makers. Some of the opinions of experts and researchers 
about the factors of production are presented in Table 2.1 (APPENDIX C). Table 2.1 
shows the opinion of researchers about the importance of production factors; such as 
capital, labour, raw materials, machine and supplier, inventory, and market demand 
to the business enterprise as well as its effect on production. Therefore, the results of 
this literature study can facilitate data analysis of this study. The method detail can 
be seen in subtopic 2.6 and 2.7. 
2.6 The Fuzzy Logic 
Fuzzy Logic is an area of soft computing that enables a computer system to reason 
with uncertainty (Castillo & Melin, 2008). Fuzzy logic was first introduced by Lotfi 
A. Zadeh a professor of computer science at the University of California in Berkeley 
in 1965. Basic Fuzzy Logic is the theory of fuzzy sets. Fuzzy set theory is based on 
natural language to solve inaccurate questions and inference rule it used is very close 
to human thought habit (Zadeh L.A, 1965). In addition, the fuzzy logic is a multi-
value logic that allows intermediate value to be defined between conventional values 
such as true or false, yes or no, in order to apply more human like way of thinking 
(Rosli, M. A, 2012). Therefore, the model of fuzzy set theory is faster and most 
convenient to attain the control of the system. Fuzzy logic is used around the world 
to solve the problem and control devices such as washing machines and cameras. 
Fuzzy logic is the study of the systematic reasoning rules which are valid 
(Frans, 2006). Logic commonly used in everyday life as well as in scientific 
reasoning is dual value logic. The basic assumption in the dual value logic, namely 
that every proportion only has two truth values. Fuzzy logic processes the ability to 
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mimic the human mind to effectively employ modes of reasoning from exact to 
approximate. Therefore, the decision making will be based on impression and 
tolerance rather than precision and certainty. Fuzzy logic also is an evolution from 
the usual Boolean logic, where input is taken from the truth value which is 1 (true) or 
0 (false) but fuzzy logic takes an input under certain qualitative ranges. There are 
many advantages of fuzzy logic such as it did not require a precise input and 
mathematical model mapping inputs to outputs (Rosli, M. A, 2012). 
In many ways, fuzzy logic is used as a way to map the problem of inputs to 
outputs. For example, warehouse manager told the production manager how much 
inventory at the end of this week, then production manager will set the number of 
products that must be produced tomorrow (Kusumadewi & Purnomo, 2010). For 
example, input to output mapping in graphical form as shown in Figure 2.2. 
 
BLACK 
BOX Tomorrow Goods Production
Input Space 
(All amounts inventory 
Possibly)
Output Space 
(All Total Production of 
Goods, Which probably)
Mapping Input-Output By Production Problems 
"Given the data inventory, how many items should be produced?"
Final Inventory
 
Figure 2.2: Examples of Input-Output Mapping  
(Gelley, 2000; Kusumadewi & Purnomo, 2010). 
 
Fuzzy logic can be considered as a black box that connects to the input to 
output space (Gelley, 2000). The black box contains a way that can be used to 
process data inputs into outputs in the form of good information (Kusumadewi & 
Purnomo, 2010) 
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2.6.1 The Reasons for Using Fuzzy Logic 
There are several reasons why people use fuzzy logic (Cox, 1994; Kusumadewi & 
Purnomo, 2010), among others: 
(i) The concept of fuzzy logic is easy to understand. Because fuzzy logic using 
basic set theory, the mathematical concepts that underline the fuzzy reasoning 
is quite easy to understand. 
(ii) Fuzzy logic is very flexible, it means being able to adapt to those changes, 
and uncertainty issues. 
(iii) Fuzzy logic has tolerance for incorrect data.  
(iv) Fuzzy logic is able to model non-linear functions that very complex. 
(v) Fuzzy logic can establish and apply the experiences of experts directly 
without having to go through the training process. In this case, often known 
by the name of Fuzzy Expert System becomes the most important part.  
(vi) The logic is based on natural language. Fuzzy logic uses everyday language 
that is easy to understand. 
2.6.2 Fuzzy Set 
The Fuzzy set is a collection of objects that have certain properties in common 
(Frans, 2006). Fuzzy set is a further development of the concept of sets in 
mathematics. Fuzzy set is the range of value where by each value has a degree of 
membership between 0 and 1. 
 If the crisp set, the membership values is only 2 possibilities, that is 0 or 1, 
the fuzzy set membership value lies in the range 0 to 1. If x has a fuzzy membership 
value 0)( xA means that x is not a member of the set A, as well as x has a fuzzy 
membership value 1)( xA  means that x becomes a full member of the set A.
 Sometimes the similarity between the fuzzy membership probability cause 
confusion. Both have value in interval [0, 1], but the interpretation is very different 
values between the two cases. Fuzzy membership provides a measure of the opinions 
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or decisions, while the probability indicates the proportion of the frequency of an 
outcome is true in the long term. For example, if the value of membership of a fuzzy 
set YOUNG is 0.9; it does not matter how often it is repeated values individually to 
expect an outcome that almost certainly younger. On the other hand, the probability 
value of 0.9 means that 10% of youth are not expected younger set (Kusumadewi & 
Purnomo, 2010).  Fuzzy set has two attributes (Kusumadewi & Purnomo, 2010), that 
is:  
i). Linguistic, which is means that the naming of a group that has a particular 
state or condition by using language, such as: YOUNG, MIDDLE-AGED, 
OLD. 
ii). Numerically, that is a value (number) that indicates the size of a variable such 
as: 5, 10, 15, and so on. 
  
 There are a few things to know in understanding, fuzzy set (Kusumadewi, 
2010), that is: 
 
i). Variable of Fuzzy 
 
Fuzzy variable is a symbol or a word that refers to a certain fuzzy systems, or 
variable to be discussed in a fuzzy system. For example: age, temperature, demand, 
inventory, production, and so on (Kusumadewi & Purnomo, 2010). 
 
Example2.1: 
Examples associated with the set of variables, that is: 
1) Variable production of goods is divided into 2 fuzzy sets, that is: fuzzy sets 
INCREASE and fuzzy sets DECREASE. 
2) Variable demand is divided into 2 fuzzy sets, that is: fuzzy set UP, and fuzzy 
set DOWN. 
3) Variables inventory divided into 2 fuzzy sets, that is: fuzzy sets LOT and 
fuzzy sets LITTLE. 
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ii). Fuzzy Set 
 
Fuzzy set is a group that represents a particular condition or circumstance in a fuzzy 
variable. For example, Increase, Decrease, Down, Up, as shown in Example 2.1. 
 
iii). Universe Discussion 
 
Universe of discourse is the overall value is allowed to be operated in a fuzzy 
variable. Universe of discourse is the set of real numbers that constantly rising 
(increase) monotonically from left to right. The value of the universe of discourse 
can be either positive or negative numbers.  
 
Example 2.2: 
1) Universe talks to the variable age: X= [0, +∞]. 
2) Universe talks to temperature variables: X= [0,100]. 
 
iv). Domain 
 
A domain is a fuzzy set of values allowed in the entire universe of discourse, and 
may be operated with fuzzy set. Just as the universe of discourse, the domain is the 
set of real numbers that always go up (increase) monotonically from left to right. The 
value of the discourse universe can be either positive or negative numbers.  
 
Example 2.3: 
1) Fuzzy set YOUNG = [0, 45], that is to say: a person can say with age YOUNG 
between 0 years to 45 years. 
2) Fuzzy the set middle-aged = [35, 65], meaning: a person can be said to be 
middle-aged with age between 35 years to 65. 
3) Fuzzy the set OLD = [65, 175], meaning that a person can be said to be OLD to 
the age between 65 years to 175 years. 
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2.6.3 Membership Function (MF) 
Membership function (MF) is a curve that shows the mapping points of input data 
into membership values that have the interval between 0 and 1. There are several 
functions that can be used include: 
(i) Linear Representation.  
(ii) Curve Triangle Representation 
(iii) Curve Shape Shoulders Representations 
(iv) Curve-S Representations 
(v) Curve Trapezoid Representations 
(vi) The bell shape curve Representation 
 
 Tsukamoto method using monotonic reasoning, in this study will use a linear 
representation only. Here's a more detailed explanation of the above Linear 
Representation of Membership Functions: 
 
(i) Linear Rrepresentations 
 
If X is the set of objects that are generally denoted by x, then the fuzzy set A in X is 
defined as the set of consecutive pairs (Jang et al., 1997:14): 
 
A= {(x, μA (x)) | x ∈ X}                        (2.1) 
 
 μA(x) is called the degree of membership of x in A, which is indicates the 
degree of x are in A (Lin and Lee, 1996). Fuzzy set contained in some representation 
of the membership functions, which is a linear representation. In the linear 
representation, mapping input to the degree of membership was described as a 
straight line. The simplest form of this and become a good choice to approach a 
concept are less clear. There are two sets that refer or state the linear fuzzy that is 
representation of linear UP and DOWN. 
 
156 
 
 
 
REFERENCES 
Abdurraham, G. (2011). Penerapan Metode Tsukamoto (Logika Fuzzy) Dalam 
Sistem Pendukung Keputusan Untuk Menentukan Jumlah Produksi Barang 
berdasarkan Data Persediaan dan Jumlah Permintaan. Universitas Negeri 
Yogyakarta: Thesis. 
Adiningsih, S. (1999). Microeconomics. Yogyakarta: BPFE. 
APICS. (2001). Dictionary 10th edition- The educational sosiety for resource 
management. Alexandria Virginia, USA.  
Andayani,S. & Mardapi, D (2012). Performance Assessment Dalam Perspektif 
Multiple Criteria Decision Making. Prosiding Seminar Nasional Penelitian, 
Pendidikan dan Penerapan MIPA, Fakultas MIPA, Universitass Negeri 
Yogyakarta. pp M1-F8. 
Arikunto, S. (2002). Prosedur Suatu Penelitian: Pendekatan Praktek. Edisi Revisi 
Kelima. Jakarta: Cipta.  
Asauri, S. (1999). Managemen Produksi dan Operasi. Jakarta: Universitas Indonesia. 
Baroto, T. (2002). Perencanaan dan Pengendalian Produksi. Jakarta: Ghalia 
Indonesia.  
Barro, R. J. (1996). Determinants of Economic Growth: A Cross-country Empirical 
Study. NBER Working Paper,56-98. 
Benjamin, S. B. (1995) Maintainability: A Key To Effective Serviceability and 
Maintenance Management. New York: A Wiley- Interscience Publication. 
Brown, E., & Jacobson, M. F. (2005). Cruel Oil: How Palm Oil Harms Health, 
Rainforest, and Wildlife. Center For Science In The Public Interest. 
Washington DC.  
157 
 
 
 
Castillo, O., Melin, P. (2008). Type-2 Fuzzy Logic: Theory & Application. Berlin 
Hedelberg : Springer. 
Case, K. L & Fair, R. C. (2003). Principles of Microeconomics. 7th Edition. New 
Jersey: Prentice Hall. 
Chairunnisa, T. L.T. (2013) Analisis Pengaruh Faktor Produksi Terhadap Produksi 
Crude Palm Oil Pada Perseroan Perkebunan Nusantara (PTPN) III Kebun 
Sei Daun Labuhan Batu. Jurnal E-Maksi Harapan, Vol. 1, No. 1. 
Chen, Z. (2005). Consensus In Group Decision Making Under Linguistic Assessment 
Dissertation. Konsas State University: Manhattan Kansas. 
Chelst, K. & Canbolat. Y. B. (2012). Value- Added Decision Making For Managers. 
Boca Raton: CRC Press.  
Chigbo, N. D. (2014). Management as a Factor of Production and as an Economic 
Resource. International Journal of Humanities and Social Science, 4(6), pp. 
162-166. 
Chopra, S. & Peter, M. (2010). Supply Chain Management Strategy, Planning & 
Operation Fourth Edition. New Jersey: Pearson Education Inc. 
Chui, H. N. (1995). A Heuristic (R.T) Periodic Review Perishable Inventory Model 
With Lead Times. International Journal of Production Economics, Vol. 42, 
pp. 1-5. 
ClassZone. (2015). What Factors Affect Demand?. Retrieved June, 18, 2015, from 
www.ClassZone.com   
Cox, E. (1994). The Fuzzy System Handbook (A Prigctitioner’s Buide to Building, 
Using and Maintaining Fuzzy Systems. Massachusetts: Academic Press, Inc. 
Creswell, J. W. (1998). Qualitative Inquiry and Research Design.: Choosing Among 
Five Tradition. London : Sage Publication.  
Creswell, J. W. (2010). Research Design: Qualitative and Quantitative Approaches. 
California : Sage Publication.  
Crespo, A., Parra, C., Gomez, J.F., Lopez, M. and Gonzalez-Prida, V.(2012), Life 
cycle cost analysis asset management, The State of the Art in Europe from a 
Life Cycle Perspective. (ISBN: 978-94-007-2723-6), Van der Lei, T., 
Herder, P. and Wijnia, Y. (Eds), Springer, Heidelberg, pp. 81-99. 
158 
 
 
 
Cuixiao, F. & Xingsan Q. (2008). Knowledge Production Modes and Its Fuzzy AHP 
Decision-Making Model. IEEE, Vol. 08. 
Doraid, D., Fariz, Al-Oqla., Hayajneh, M. (2010). Application of The Analytical 
Hierarchy Process in Multicriteria Analysis of The Selection of Cranes. 
Jurdan Journal of Mechanical and Industrial Eigeneering, 4(5), pp. 56-578. 
Drucker, P. F. (1974). Management: Tasks, Responsibilities, Practices. Ney York: 
Harper and Row. 
Expert Choice. (2014). All About Expert Choice Software. Retrieved May 20, 2015, 
From www.expertchoice.com   
Fernandez, R. R. (1995). Total Quality in Purchasing and Supplier Management. 
Delray Beach, FL: St. Lucie Press. 
Filbeck,G. & Krueger ,T. (2005). Industry Related Differences in Working Capital 
Management: Mid-American. Journal of Business, 20(2), 11-18. 
Filbeck, G & Krueger,T.M. (2005). An Analysis of Working Capital Management 
Results Across Industries .Mid-American Journal of Business, 20(2), 10-17. 
Fibriyanti, A. (2010). Expert Choice. Retrieved May 20, 2015, From 
http://armita.blogstudent.mb.ipb.ac.id/2010/12/15/expert-choice/ 
Firmansyah, I & Utami, S. F. (2013). Tsukamoto Fuzzy Logic Application 
Production Planning at PT. Kimia Farma (Persero) Plant Bandung. 
International Conference On Global Optimalization and Its Application. 28-
29 August. Avillion Legancy Malaka Hotel. 2013, 70-78.    
Forman, E. H. & Gass, S. I. (2001). The Analytical Hierarchy Process- An 
exposition. Operations Research, 49, pp. 469-486. 
Frans, S. S. J (2006). Himpunan dan Logika Kabur Serta Aplikasinya.. Edisi Kedua. 
Yogyakarta: Graha Ilmu. 
Garg, K. A. (2012). Production and Operations Management. New Delhi: Tata Mc. 
Graw Hill Education Private Limited. 
Gaspez, V. Production Planning an Inventory Ccontrol : Base on an Integrated 
Systems approach To The MRP II and JIT To The manufacturing 21. 
Jakarta : Vincent Fondation & PT. Gramedia Pustaka Utama. 2001. 
159 
 
 
 
Gay, L., Mills. G & Airasian, P. (2006). Education Research: Competencies for 
Analysis and Application. 8th ed. New York: Prentice Hall. 
Gelley, Ned.,Roger, Jang. (2000). Fuzzy Logic Toolbox. USA : Mathwork Inc. 
Gosh, S. K. and Chaudhuri, K. S. (2005). An EOQ Model For A Deteriorating Item 
With Trended Demand and Variable Backlogging With Shortages In All 
Cycles. Advanced Modeling and Optimalization, 7(1), pp. 5-68. 
Grove, S. K., Burns, Nancy. (1998). Understanding Nursing Research. United State: 
Elsevier.  
Grote, G. (2009). Management of Uncertainty: Theory & Application in the Design 
of System and Organizations. United Kingdom: Springer.  
Grüning, R. & Khün, R. (2009). Successful Decision- Making: a systematic 
approach to complex problem. 2nd Edition. New York: Springer.  
Griffin, R. (2006). Business. 8th Edition. New Jersey: Prentice Hall. 
Harvard Business School. (2006). Decision Making: 5 Steps to Better Results. 
Boston: Harvard Business School Press. 
Hardman, D. (2009). Judgment & Decision Making Psychological Perspectives. 
United Kingdom: BPS Textbooks.   
Hampton, J. J. & Wangner, C. L. (1989). Working Capital Management. New York: 
John Wiley &Sons.  
Hadiguna, R. A. (2012). Model Penilaian Resiko Berbasis Kinerja Untuk Rantai 
Pasok Kelapa Sawit Berkelanjutan di Indonesia. Jurnal Teknik Industri. 
14(1), pp. 13-24. 
Haryanto, T. (2012). Penalaran Fuzzy. Sistem Pakar Departemen Ilmu Komputer. 
Institut Pertanian Bogor. Retrieved September 3, 2015 from 
http://totoharyanto.staff.ipb.ac.id/files/2012/08/Penalaran_Fuzzy.pdf . 
Handoko, T. H. (1999). Dasar-Dasar Manajemen Produksi dan Operasi. 
Yogyakarta: BPFE. 
Heizer, J. & Barry, R. (2006). Operation Management. 8th Edition. New Jersey: 
Prentice Hall.  
Heizer, J. & Barry, R. (2001). Operation & Supply Chain Management. United State 
of America: Prentice Hall, Inc. 
160 
 
 
 
Hidayat, S., Marimin., Suryani, A., Yani, M. (2012). Model Identifikasi Resiko dan 
Strategi Peningkatan Nilai Tambah Pada Rantai Pasok Kelapa Sawit. Jurnal 
Teknik Industri, 4(2), pp. 89-96. 
Ho, C. (1989). Evaluating the impact of operating environments on MRP system 
nervousness. International Journal of Production Research, Vol 25, pp. 4-
10. 
Ishizaka, A & Labib, A. (2009). AHP & Expert Choice: Benefit and Limitations. OR 
Insight, Vol. 22, No. 4, pp. 201-220.  
Jacobs, F. R. & Ricard B. C. (2011). Operation and Supply Chain Management 
Global Edition. New York: McGraw-Hill. 
Jamshidi, M. (1997). Large-Scale System: Modeling, Control & Fuzzy logic. Prentice 
Hall. Englewood Cliffs.  
Jang, J. S., C. T. Sun & E. Mizutani. (1997). Neuro Fuzzy Soft Computing. London: 
Prentice Hall.  
Jayadhita, P. G. Mandala. (2011). Apa Itu Expert Choice. Retrieved May 20, 2015, 
from http://www.ibelog-pintar.blogspot.com  
Kahraman, C. (2008). Multi-Criteria Decision Making Method & Fuzzy Sets. Fuzzy 
Multi Criteria Decision Making, Theory and Applications with Recent 
Development. Springer 
Kamauff, J. (2010). Manager’s Guide to Operations Management. USA: Mc. Graw 
Hill. 
Kasim, A. (1995). Teori Pembuatan Keputusan. Jakarta: Universitasa Indonesia. 
Kesimli, I. G. & Gunay, S. G. (2011). The Impact of Global Econimic Crisis on 
Working Capital of Real Sector in Turkey. Business and Economic Horizon, 
4(1), pp. 52-69.  
Khuriyati, T. (2013). Faktor-Faktor Penyebab Penurunan Omzet Penjualan Pada 
Industri Kerajinan Monel di Desa Kriyan Kabupaten Jepara. Universitas 
Negeri Semarang: Final Report. 
Kimmel, P. D., Weggandt, J. J. & Keiso, D. E. (2011). Financial Accounting Tools 
for Business Decision Making Sixth Edition. New York: John Willey & Son 
(Asia) Pte. Ltd.  
161 
 
 
 
Kotler, P & Anderson, R. A. (1995). Marketing Strategy For Organitation. Third 
Edition (Translated by Ova Emilia). Yogyakarta :University of Gajah 
Mada Pers.  
Krippendorff, K. (1980). Content Analysis: An Introduction to Its Methodology. 
Newbury Park, CA: Sage. 
Kulim (Malaysia) Berhard. (2013). New Dimension for Growth: Kulim Annual 
Report. Malaysia: Kulim Berhad. 
Kusumadewi, S., Purnomo, H. (2004). Aplikasi Logika Fuzzy Untuk Pendukung 
Keputusan. Edisi Pertama. Yogyakarta : Graha Ilmu.  
Kusumadewi, S & Purnomo, H. (2010). Aplikasi Logika Fuzzy Untuk Pendukung 
Keputusan. Edisi Kedua. Yogyakarta: Graha Ilmu. 
Kusumadewi, S., Hartati, S. (2006). Neuro Fuzzy Integrasi System Fuzzy dan Neural 
Network. Yogyakarta : Graha Ilmu.  
Lin, Chin-Teng., Lee C. S. George. (1996). Neural Fuzzy Systems. London : Prentice 
Hall.  
Ling, C. K. (2012). Analytical hierarchy approach for load shedding scheme Of an 
islanded power system. Ubiversii Tun Hussein Onn Malaysia: Thesis. 
Malaysia Palm Oil Council. (2013). Palm Oil Price and Demand 2009-2013. 
Received September 12, 2013. From www.mpoc.org.my 
Malaysian Palm Oil Board. (2012).  Overview of The malaysian Oil Palm Industry. 
Retrieved on May 02, 2013, From http://bepi.mpob.gov.my/index. 
php/statistics/production.html. 
Malaysian Palm Oil Board. (2013). Production of Crude Palm Oil For The Month 
December2013: January-June 2012  2013. Retrieved March 16, 2014. From 
http://bepi.mpob.gov.my/index.php/statistic/production/118-production-
2013 /603-production-of-crude-oil-palm-2013.html  
Mankiw, N. G. (2003). Macroeconomics. 5th Edition. New York: Worth Puublishers. 
Mardalis. (2008). Metode Penelitian Suatu Pendekatan Proposal. Jakarta: Bumi 
Aksara.  
Martin, G. E. (1986). An Optimal Decision Model For Disposal of Perishable 
Inventory. International Journal of Production Research, 24, pp. 3-80. 
162 
 
 
 
Merriam, S. B. (2001). Andragogy and Self-Directed Learning: Pillars of Adult 
Learning Theory. San Francisco: Jossey- Bass Publication. 
Mielke, T. (2011). Global Demand For Palm Oil Growing Rapidly. The Star Online. 
Received April 2, 2014. From http://www.thestar.com.my/Story 
/?sec=bu&file=%2F2011%2F3%2F10 %2Fbusiness%2F8224650.  
Mouton, J & Marais, H. C. (1996). Basic Consepts In Methodology Of The Social 
Sciences. Pretorig : HSBC Publisher.   
Moreu, P., Gonzalez-Prida, V., Barbera, L. and Crespo, A. (2012). A practical 
method for the maintainability assessment using maintenance indicators and 
specific attributes. Reliability Engineering and System Safety. Vol. 100 No. 
2012, pp. 84-92. 
Mula, J., Poler. R., Garcia-Sabater, J.P., Lario, F.C. (2006). Model for production 
planning under uncertainty: Review. International Journal of Production 
Economics, 103(1), pp. 271-285.  
Mulyono, S. (2004).Riset Operasi. Jakarta: Fakultas Ekonomi, Universitas Indonesia. 
Munir, R. (2012). Sistem Inferensi Fuzzy. Bahan Kuliah Teknik Informatika Institut 
Teknologi Bandung. Retrieved September 3, 2015 from 
http://informatika.stei.itb.ac.id/~rinaldi.munir/MetNum/2011-
2012/Sistem%20Inferensi%20Fuzzy.pdf . 
Munawir, S. (2002). Analisis Laporan Keuangan. Yogyakarta: Liberty. 
Mwangi, L. M. et al. (2014). Effect of Working Capital Management on Performance 
of Non-Financial Companies Listed In NSE, Kenya. European Journal of 
Business and Management, 6(11), pp. 195-205.  
Nachtwey, A., Riedel, R., Mueller, E. (2009). Cluster analysis as a method for the 
planning of production system. IEEE, Pp. 725-728. 
Nasution, A. H. (1999). Perencanaan dan Pengendalian Produksi. Jakarta: Guna 
Widya.  
Nasution, A. H. (2003). Production, Planning and Controling. Surabaya : Guna 
Widya. 
Nasution, A. H. (2008). Perencanaan dan Pengendalian Produksi. Yogyakarta: 
Graha Ilmu. 
163 
 
 
 
Nurbismo, H. (2010). Perencanaan Kombinasi dan Prioritas Produk Pada Proyek 
Perumahan Dengan Analytical Hierarchy Process(AHP). Universitas 
Sebelas Maret: Skripsi. 
Nutt, P. C & Wilson, D. C. (2010). Handbook of Decision Making. United Kingdom: 
Wiley Publication. 
Nutt, P. C. (1999). Surprising but true: Half of organizational decision fail. Academy 
of Management Executive, 13(4), 75-90. 
Osmond, V & Demand Media. (2015). Economic Definitions of Business. Retrieved 
on April 30, 2015, From http://smallbusiness.chron.com./economic-
definition-four-factors-production-3941.html  
Othman, L. (2006). Penyelidikan Kualitatif: Pengenalan Kepada Teory dan Method. 
Tanjung Malim: UPSI.  
Parnell, G. S. et al. (2013). Handbook of Decision Analysis. United Kingdom: Wiley 
Publication.  
Parapat, D. J. (2009). Model Penentuan Prioritas Dalam AHP Melalui Koefisien 
Korelasi . Universitas Sumatra Utara: Master’s Thesis. 
Pebriana, M. S. (2009). Perencanaan Produksi Dengan Pendekatan Fuzzy Linear 
Programming Pada PT. Cakra Contact Allumunium Industries. Universitas 
Sumatra Utara Indonesia: Master’s Thesis. 
Permadi, B. (1992). Analytical Hierarchy Process. Indonesia: Inter-University 
Center University of Indonesia.  
Pontas, M. P. (2003). Managemen Operasi dan Produksi. Yogyakarta: Andi. 
Pradhitya, Y. W. (2010). Analisis Efisiensi dan Efektivitas Faktor-Faktor Produksi 
Pada PT. Soelystyowaty Kusuma Textile Siagen. Universitas Sebelas Maret: 
Final Report. 
Prawirosentono, S. (2001). Manajemen Operasi. Edisi Ketiga. Jakarta: PT. Bumi 
Aksara. 
Purnomo, H.(2004). Introducting To Industrial Engineering. Yogyakarta : Graha 
Ilmu.  
Raizzou. (2013). Faktor Produksi. Retrieved May 1, 2015, from 
http://triplego.wordpress.com/2013/04/25/factor-produksi/  
164 
 
 
 
Raksasudharma, C. 1989. Peningkatan Produktivitas dan Mutu. Jurnal Ekonomi. 
Vol.1, No. 5. Jakarta: Fakultas Ekonomi Universitas Indonesia. 
Ramoutar, K., Syan, C. S. (2009). An AHP-based Study of WCM Implementation 
Factors in ISO 9001 Certified Manufacturing Organizations In Trinidad and 
Tobago. Proc. Of The World Congress on Engineering 2009. London.  
Rangkuti, F. (2003). Riset Pemasaran. Jakarta: PT. Gramedia Pustaka Utama.  
Rangkuti, F. (2002). Measuring Customer Satisfaction: Teknik mengukur dan 
strategi meningkatkan kepuasan pelanggan dan analisis kasus PLN-JP. 
Jakarta: PT. Gramedia Utama. 
Rezaie, V., Ahmaad, N. Maan., Awang, S. R., Khamahammadi, M. (2013). Ranking 
The Multiple Intelligences of People with Epilepsy Using Analytical 
Hierarchy Process and Data Envelopment Analysis. Journal of Emerging . 
Technology In Web Intelligence, 5(2). Academic Publisher. From Doi: 
104304/jetwi.5.2-98-106. 
Riyanto, B. (2001). Dasar-Dasar Pembelanjaan Perusahaan. Yogyakarta: BPFE. 
Riyanto, B. (2005). Dasar-Dasar Pembelaanjaan Perusahaan, Edisi Keempat, 
Cetakan Ketujuh. Yogyakarta: YBPFE UGM. 
Rosli, M. A. (2012). Short Time Load Forecasting With Fuzzy Logic Algorithm. 
Universiti Tun Hussein Onn Malaysia; Final Report.  
Ruch, W. A. F & Witers. (1992). Fundamental of Production and Operation 
Management. United State of America: West Publising Company. St. Paul. 
Saaty, T. L & Vegas, L. G. (2001). Model, Methods, Concepts and Applications of 
the Analitical Hierarchy Process. Boston : Kluwer.  
Saaty, T. L. (1980). The Analytical Hierarchy Process. New York : MC Graw Hill.  
Saaty, T. L. (1986). Axiomatic Fondation Of The Analytical Hierarchy Process. 
Management Science, Vol. 32, pp. 841-855. 
Saaty, T. L. (1988). Multicriteria Decision Making- The Analytical Hierarchy 
Process. Pittsburgh : University of Pittsbugh.  
Saaty, T. L. (1990). How To Make Decision: The Analytical Hierarchy Process. 
Europan Journal of Operational Research, Vol. 48, pp. 9-26. 
Saaty, T. L. (1991). The Logic of Priorities. Pittsburgh, USA : RWS Publication.  
165 
 
 
 
Saaty, T. L. (1993). The Analytical Hierarchy Process; Decision Making In 
Economic, Political, Social, and Technological Environments. USA: 
University of Pittsburght.  
Saaty, T. L. (2008). Relative Measuremant & Generalization In decision Making: 
Why Pairwise Comparison Are Central In Mathematics For The 
Measurement of Intangible Factors. The AHP Network Process RACSAM 
(Review of the Royal Spanish Academy of Science, Series A,mathematics), 
102(2), pp. 251-318.  
Sekeran, U. (2006). Metodologi Penelitian Untuk Bisnis.Volume 1 &2, Edisi 
Keempat. Jakarta: Salemba Empat.  
Santoso, J. B. (2005) Analisis Efisiensi Penggunaan Faktor-Faktor Produksi Pada 
CV. Teknika Jaya, Klaten. Universitas Sebelas Maret: Final Report. 
Sestri, E. (2013). Penilaian Kinerja Dosen Dengan Menggunakan Metode AHP, 
Studi Kasus Dii STIE Ahmad Dahlan Jakarta. Jurnal Liquidity. Vol. 2, No. 
1, Pp. 100-109. 
Setiadji. (2009). Himpunan dan Logika Samar- Serta Aplikasinya. Yogyakarta:Graha 
Ilmu.  
Setiawan, S. (2002). The Effect of Initial Selections in an Incomplete AHP Matrix. 
University of Lousiana State: Master Thesis.  
Sharf, R. (1992). Appliying Career Developement Theory to Conselling. California : 
Wadcworth, Inc.  
Sime Darby Plantation. (2013). Palm Oil Facts And Futures. Retrieved 16 March, 
2014. From http://www.simedarby.com/upload/PalmOilFactsand 
Figures.pdf.  
Simanjuntak, P. J. (1983). Produktivitas Kerja: Peningkatan Ruang dan Lingkupnya. 
Jakarta: Prisma No. II, LP3ES. 
Singh, R. P., Ibrahim, M. H., Eza, Norizam. (2010). Composting of Waste From 
Palm Oil Mill: A Sustainable Waste Management Practice. Review In 
Environmental Science and Biotechnology. Retrieved June 20, 2014. From 
Doi : 10.007/511157-010-9199-2. 
166 
 
 
 
Sindora Palm Oil Mill. (2014). Sindora Palm Oil Mill Report. Malaysia: Sindora 
Palm Oil Mill. 
Smith, S. B. (1989). Computer-Based Production and Inventory Control. New 
Jearsey: Prentice Hall.  
Stice, E. K., Stice, J. D. & Skousen, F. K. (2010). Intermediate Accounting. 17th 
edition. China: Shouth-Western, Cengage Learning. 
Stoner, J. A. F & Winkel, C. (2003). Planning & Decision Making In Management. 
Translated by Simamora Sahat. Jakarta: PT. Rineka Cipta.  
Sudono, S. Pengantar Teori Mikroekonomi. (2003). Jakarta: PT. Raja Grafndo 
Persada.  
Sudarsono, S. (1993). Kamus Filsafat dan Psikologi. Jakarta: Rineka Cipta. 
Sugiyono. (2006). Metode Penelitian Bisnis. Jakarta: Salemba Empat.  
Sugiyono. (2008). Metode Penelitian Kuantitatif Kualitatif dan R&D. Bandung: 
Alfabeta. 
Suharto. (1991). Manajemen Perawatan Mesin. Jakarta: Rineka Cipta Anggota 
IKAPI. 
Suh, C., Suh, E., & Black, K. (2004). Prioritizing telecommunications technologies 
for long range R&D planning to the year 2006. IEEE Transactions on 
Engineering Management, Vol. 41, pp. 264-274. 
Thamrin, F. (2012). Studi Inferensi Fuzzy Tsukamoto Untuk Penentuan Faktor 
Pembebanan Trafo PLN. Universitass Diponogoro Indonesia: Master’s 
Thesis.   
Tracey, M & Tan, C. L. (2001). Empirical Analysis of Supplier Selection and 
Involment, Customer Satisfaction and Firm Performance. An International 
Journal of Supply Chain Management, 6 (4), pp. 174–188. 
Tsobune, H., Muramatsu, R., Sashirodas, M. (1986). A Production Model For 
Agricultural Processing Products. International Journal of Production 
Research, Vol 24, pp. 99-809. 
Tseng, G. H & Huang, J. J. (2011). Multiple Attribute Deision Making Method and 
Applications. Boca Raton: CRC Press.  
167 
 
 
 
Tsukamoto, Y. (1979). An Approach to Fuzzy Reasoning Model.  In Advances in 
fuzzy set Theory and Applications. Amsterdam, Nort-Holland.  
Turban, E., Arson., Jay, E., Ling, Teng-Ping. (2005). Decision Support System and 
Intelligent System. 7th Edition. Yogyakarta : Andi.  
Turskis, Z. & Zavadskas, E. K. (2010). A Novel Method for Multiple Criteria 
Analysis: Grey Additive Ratio Assessment (ARAS-G) Method. 
INFORMATICA 2010. Vilnius University: Lithuania. Vol.21, no. 4, pp. 597-
610.  
United States Department of Agriculture. (2012). MALAYSIA: Stagnating Palm Oil 
Yields Impede Growth. Retrieved April 20, 2013 from 
http://www.pecad.fas.usda.gov/higlights/2012/12/Malaysia . 
Vahid, T. K., Mohsen, A. K. & Mohammadreza, E. (2012). The Impact of Working 
Capital Management Policies on Firm's Profitability and Value: Evidence 
from Iranian companies. International Research Journal of Finance and 
Economics, 88, pp. 155-162. 
Vasant, P. (2003). Application of Fuzzy Linear Programming In Production 
Planning. Fuzzy Optimization and Decision Making, Vol. 3, pp. 229-241. 
Vasant, P. (2006). Fuzzy Production Planning and its Application To Decision 
Making. Journal of Intelligent Manufacturing, 1(1), pp. 5-12. Doi: 
10.100/s10845-005-5509-x. 
Vergas, L. G. (1982). Reciprocal Matrices with Random Coefficients. Mathematical 
and Computer Modelling, Vol. 3, pp. 69-81. 
Wilson, G. (2001). Problem Solving & Decision Making. New Delhi: Kogan Page 
India PVT. LTD.  
WWF( World Wide Fund For Nature). (2012). Profitability  Sustainability In Palm 
Oil Production Analysis of Incremental Financial Cost and Benefits of 
RSPO Compliance. Retrived on April 2, 2014, From 
http://www.rspo.org/file/BUSINESS%20CASProfit 
ability%20and%20Sustainability%20in%20Palm%20Oil%20Production.pdf
http://www.rspo.org/file/BUSINESS%20CASProfitability%20and%20Susta
inability%20in%20Palm%20Oil%20Production.pdf 
168 
 
 
 
Yin, R. K. (2003). Case Study Research: Design and Methods. 3rd ed. Thousand 
Oaks: SAGE Publications. 
Yusuf, M. (2009). Pendekatan Analytical Hierarchy Process Dan Goal 
Programming Untuk Menentukan Model Pemasok. Jurnal Teknologi, 2(2), 
pp. 137-142 
Zadeh, L. A. (1965). Fuzzy Sets. Information and Control, 8, pp. 338-353. 
Zulqurnain, A. B. A. (2013). Optimal Combined Load Forecast Based On Multi 
Criteria Decision Making Method. Universiti Tun Hussein Onn Malaysia: 
Bachelor Degree Final Report. 
 
 
 
